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(FILE 'HOME' ENTERED AT 1 7:2 1 :27 ON 26 OCT 2004) 

INDEX 'ADISCTI, ADISINSIGHT, ADISNEWS, AGRICOLA, ANABSTR ANTE AQUALINE 
AQUASCI, BIOBUSINESS, BIOCOMMERCE, BIOENG, BIOSIS, BIOTECH ABS BIOTECHDS 
BIOTECHNO, CABA, CANCERLIT, CAPLUS, CEABA-VTB, CEN, CIN CONFSCI CROPB ' 
CROPU, DDFB, DDFU, DGENE, DISSABS, ENTERED AT 17:22:45 ON 26 OCT 2004 ' 
SEA (EUGENO? OR (FERUL?(S)ACID?))(S)(CONIFERY? OR VANILU?) 



189 FILE AGRICOLA 

90 FILE ANABSTR 
5 FILE ANTE 

8 FILE AQUALINE 
19 FILE AQUASCI 

91 FILEBIOBUSINESS 

5 FILE BIOCOMMERCE 
124 FILE BIOENG 
710 FILE BIOSIS 
148 FILE BIOTECHABS 
148 FILE BIOTECHDS 
123 FILE BIOTECHNO 
567 FILE CABA 
12 FILE CANCERLIT 
1612 FILE CAPLUS 

48 FILE CEABA-VTB 
2 FILE CEN 

5 FILE CIN 

2 FILE CONFSCI 
36 FILE CROPB 
75 FILE CROPU 
36 FILE DDFB 

49 FILE DDFU 
107 FILE DGENE 
39 FILE DISSABS 
36 FILE DRUGB 
66 FILE DRUGU 

7 FILEEMBAL 
208 FILEEMBASE 
223 FILE ESBIOBASE 

7* FILEFEDRIP 

2 FILEFOREGE 
181 FILEFROSTI 
329 FILEFSTA 

30 FILE GENBANK 
4 FILEHEALSAFE 
215 FILE IFIPAT 
63 FILEJICST-EPLUS 

8 FILEKOSMET 
192 FILE LIFESCI 
184 FILE MEDLINE 

6 FILENIOSHTIC 

9 FILENTIS 

3 FILE OCEAN 
347 FILE PASCAL 

1 FILEPHIN 
101 KILE PROMT 

1 FILE RDISCLOSURE 
489 FILE SCISEARCH 
1 FILE SYNTHLINE 
320 FILE TOXCENTER 
1917 FILE USPATFULL 
144 FILE USPAT2 
3 FILE VETU 
18 FILE WATER 
210 FILEWPIDS 

3 FILEWPIFV 
210 FILE WPINDEX 
15 FILE IPA 
9 FILE NAPRALERT 
8 FILE NLDB 



LI 



QUE (EUGENO? OR (FERUL?(S) ACID?))(S)(CONJFERY? OR VANILL?) 



FILE 'USPATFULL, CAPLUS, BIOSIS, CABA, SCISEARCH, PASCAL, FSTA, 
TOXCENTER, ESBIOBASE, IFIPAT, WPIDS, EMBASE, LIFESCI, AGRICOLA, MEDLINE' 
ENTERED AT 17:25:57 ON 26 OCT 2004 

L2 7712 S (EUGENO? OR (FERUL?(S)ACID?))(S)(CONIFERY? OR VANILL?) 

L3 2 1 0 S L2(S)(DEH YDROGENAS? OR SYNTHAS? OR S YNTHETAS? OR KETOTHIOLAS 

L4 37 S L3 (S)(INACTIVA? OR DELET? OR INSERT*?) 

L5 9 DUP REM 14 (28 DUPLICATES REMOVED) 



Welcome to STN International! Enter x:x 
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• * Welcome to STN International ********** 

Web Page URLs for STN Seminar Schedule - N. America 
"Ask CAS " for self-help around the clock 
BEILSTEIN enhanced with new display and select options, 
resulting in a closer connection to BABS 

IFIPAT/IFIUDB/IFICDB reloaded with new search and display 
fields 

CAplus and CA patent records enhanced with European and Japan 
Patent Office Classifications 

The Analysis Edition of STN Express with Discover! 
(Version 7.01 for Windows) now available 

BIOCOMMERCE: Changes and enhancements to content coveraqe 
BIOTECHABS/BIOTECHDS: Two new display fields added for leqal 
status data from INPADOC 

INPADOC: New family current-awareness alert (SDI) available 
New pricing for the Save Answers for SciFinder Wizard within 
STN Express with Discover! 

New display format, HITSTR, available in WPIDS/WPINDEX/WPIX 
STANDARDS will no longer be available on STN 
SWETSCAN will no longer be available on STN 



MACINTOSH VERSION IS V6.0c(ENG) AND V6.0Jc(JP), 
AND CURRENT DISCOVER FILE IS DATED 11 AUGUST 2004 
STN Operating Hours Plus Help Desk Availability 
General Internet Information 
Welcome Banner and News Items 

Direct Dial and Telecommunication Network Access to STN 
CAS World Wide Web Site (general information) 



Enter NEWS followed by the item number or name to see news on that 
specific topic. 

All use of STN is subject to the provisions of the STN Customer 
agreement. Please note that this agreement limits use to scientific 
research. Use for software development or design or implementation 
of commercial gateways or other similar uses is prohibited and may 
result m loss of user privileges and other penalties. 

************* STN Columbus *************** 

FILE 1 HOME ' ENTERED AT 17:21:27 ON 26 OCT 2004 

=> index bioscience medicine 
FILE 'DRUGMONOG' ACCESS NOT AUTHORIZED 
COST IN U.S. DOLLARS 



FULL ESTIMATED COST 



SINCE FILE 
ENTRY 
0.42 



TOTAL 
SESSION 
0.42 



INDEX 'MISCTI, ADISINSIGH T/ ADISNEWS, AGRICOLA, ANABSTR, ANTE, AQUALINE 

AQUASCI, BIOBUSINESS, BIOCOMMERCE, BIOENG, BIOSIS, BIOTECHABS BI0TECHD9 
BIOTECHNO, CABA, CANCERLIT, CAPLUS, CEABA-VTB , CEN, CIN, SfSCI cSb 
CROPU, DDFB, DDFU, DGENE, DISSABS, .... ENTERED AT 17:22 : 45 ON 26 OCT 2004 

78 FILES IN THE FILE LIST IN STNINDEX 

Enter SET DETAIL ON to see search term postings or to view 
search error messages that display as 0* with SET DETAIL OFF. 
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42 FILES SEARCHED... 

63 FILE JICST-EPLUS 

8 FILE KOSMET 
192 FILE LIFESCI 
184 FILE MEDLINE 

6 FILE NIOSHTIC 

9 FILE NTIS 

3 FILE OCEAN 

347 FILE PASCAL 

1 FILE PHIN 

101 FILE PROMT 
61 FILES SEARCHED. . . 

1 FILE RDISCLOSURE 

489 FILE SCISEARCH 

1 FILE SYNTHLINE 

32 0 FILE TOXCENTER 

1917 FILE US PAT FULL 

144 FILE US PAT 2 

3 FILE VETU. 

18 FILE WATER 

210 FILE WPIDS 

3 FILE WPIFV 

210 FILE WP INDEX 
5 FILES SEARCHED. . . 

15 FILE IPA 

9 FILE NAPRALERT 

8 FILE NLDB 

1 FILES HAVE ONE OR MORE ANSWERS, 78 FILES SEARCHED IN STN INDEX 
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file fl-fl6 
COST IN U.S. DOLLARS 

FULL ESTIMATED COST 

FILE 1 US PAT FULL ' ENTERED AT 17:25:57 



SINCE FILE TOTAL 

ENTRY SESSION 

2.85 3.27 

ON 26 OCT 2004 



CA INDEXING COPYRIGHT (C) 2004 AMERICAN CHEMICAL SOCIETY (ACS) 



FILE 'CAPLUS' ENTERED AT 17:25:57 ON 26 OCT 2004 

USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT 

PLEASE SEE "HELP USAGETERMS" FOR DETAILS. 

COPYRIGHT (C) 2004 AMERICAN CHEMICAL SOCIETY (ACS) 

FILE 'BIOSIS' ENTERED AT 17:25:57 ON 26 OCT 2004 
Copyright (c) 2 0 04 The Thomson Corporation. 

FILE 'CABA' ENTERED AT 17:25:57 ON 26 OCT 2004 
COPYRIGHT (C) 2004 CAB INTERNATIONAL (CABI) 

FILE 'SCISEARCH' ENTERED AT 17:25:57 ON 26 OCT 2004 
Copyright (c) 2004 The Thomson Corporation. 

FILE 'PASCAL' ENTERED AT 17:25:57 ON 26 OCT 2004 

Any reproduction or dissemination in part or in full, 

by means of any process and on any support whatsoever 

is prohibited without the prior written agreement of INIST-CNRS 

COPYRIGHT (C) 2004 INIST-CNRS. All rights reserved. 

FILE 1 FSTA ' ENTERED AT 17:25:57 ON 26 OCT 2004 

COPYRIGHT (C) 2004 International Food Information Service 

FILE 'TOXCENTER' ENTERED AT 17:25:57 ON 26 OCT 2004 
COPYRIGHT (C) 2 0 04 ACS 



FILE 1 ESBIOBASE 1 ENTERED AT 17:25:57 ON 26 OCT 2004 

COPYRIGHT (C) 2004 Elsevier Science B.V., Amsterdam. All rights reserved. 

FILE 'IFIPAT' ENTERED AT 17:25:57 ON 26 OCT 2004 
COPYRIGHT (C) 2004 IFI CLAIMS (R) Patent Services (IFI) 

FILE 'WPIDS' ENTERED AT 17:25:57 ON 26 OCT 2004 
COPYRIGHT (C) 2004 THE THOMSON CORPORATION 

FILE 'WPINDEX' ACCESS NOT AUTHORIZED 

FILE 'EMBASE' ENTERED AT 17:25:57 ON 26 OCT 2004 
COPYRIGHT (C) 2004 Elsevier Inc. All rights reserved. 

FILE 'LIFESCI' ENTERED AT 17:25:57 ON 26 OCT 2004 
COPYRIGHT (C) 2004 Cambridge Scientific Abstracts (CSA) 



FILE 1 AGRICOLA » ENTERED AT 17:25:57 ON 26 OCT 2004 

FILE ' MEDLINE 1 ENTERED AT 17:25:57 ON 26 OCT 2004 

=> s (eugeno? or (f erul? (s) acid?) ) (s) (conif ery? orvanill?) 
7 FILES SEARCHED. 

L2 7712 (EUGENO? OR (FERUL?(S) ACID? ) ) ( S ) (CONIFERY? OR VANILL?) 

= > S 12 (s) (dehydrogenas? or synthas? or synthetas? or ketothiolas? or demethylas?) 
210 L2(S) (DEHYDROGENAS? OR SYNTHAS? OR SYNTHETAS? OR KETOTHIOLAS 7 
OR DEMETHYLAS?) 

=> s (s) (inactiva? or delet? or insert?) 
MISSING TERM BEFORE ' (S ' 

Search expressions cannot begin with operators. 

=> s 13 (s) (inactiva? or delet? or insert?) 

12 FILES SEARCHED... 
L4 3 7 L3 (S) (INACTIVA? OR DELET? OR INSERT?) 

=> dup rem 14 

PROCESSING COMPLETED FOR L4 

L5 9 DUP REM L4 (28 DUPLICATES REMOVED) 



=> d ti 15 



L5 ANSWER 1 OF 9 IFIPAT COPYRIGHT 2 0 04 IFI on STN 
TI PRODUCTION OF P-HYDROXYBENZOIC ACID 

=> d ti 15 2-9 

L5 ANSWER 2 OF 9 IFIPAT COPYRIGHT 2004 IFI on STN 

TI PRODUCTION OF VANILLIN; REACTING TRANS - FERUL I C ACID AND COENZYME A 

(COASH) UNDER TRANS - FERULATE : COASH LIGASE ENZYME ACTIVITY, TRANS -FERULOYL 
SCOA HYDRATASE ACTIVITY, AND 4 -HYDROXY- 3 -METHOXYPHENYL-BETA- 
HYDROXYPROPIONYL SCOA CLEAVAGE ACTIVITY; PSEUDOMONAS ENZYMES 

ANSWER 3 OF 9 SCISEARCH COPYRIGHT (c) 2004 The Thomson Corporation. on 
Z, _ _ ^ DUPLICATE 1 

Functional analyses of genes involved in the metabolism of ferulic acid in 
Pseudomonas putida KT2440 



L5 
TI 

L5 
TI 



ANSWER 4 OF 9 SCISEARCH COPYRIGHT (c) 2004 The Thomson Corporation. on 
^ , , DUPLICATE 2 

Cloning and characterization of the ferulic acid catabolic genes of 
Spnmgomonas paucimobilis SYK-6 

L5 ANSWER 5 OF 9 IFIPAT COPYRIGHT 2004 IFI on STN 

TI PRODUCTION OF VANILLIN; REACTING TRANS - FERULIC ACID AND COENZYME A 

(COASH) UNDER TRANS - FERULATE : COASH LIGASE ENZYME ACTIVITY TRANS - FERULOVT 
SCOA HYDRATASE ACTIVITY, AND 4 -HYDROXY- 3 -METHOXYPHENYL- BETA FERULOYL 
H YDROX YPROP I ONYL SCOA CLEAVAGE ACTIVITY; PSEUDOMONAS ENZYMES 

L5 ANSWER 6 OF 9 CAPLUS COPYRIGHT 2 0 04 ACS on STN 

TI Organisms with inactivated enzymes of eugenol and/or ferulic acid 
catabolism and their use for production of substituted phenols 

L5 ANSWER 7 OF 9 SCISEARCH COPYRIGHT (c) 2004 The Thomson Corporation. on 
TT ^ . ^ DUPLICATE 3 

TI Byconversion of ferulic acid into vanillic acid by means of a 

vanillate-negative mutant of Pseudomonas fluorescens strain BF13 

ANSWER 8 OF 9 SCISEARCH COPYRIGHT (c) 2004 The Thomson Corporation. on 
^ , . , DUPLICATE 4 

s^stmin a HR199 9en6tlC analySeS ° f ferulic acid catabolism in Pseudomonas 



L5 
TI 



L5 ANSWER 9 OF 9 SCISEARCH COPYRIGHT (c) 2004 The Thomson Corporation. on 

DUPL I CATE 5 

TI Biotransformation of eugenol to vanillin by a mutant of Pseudomonas sp 

strain HR199 constructed by disruption of the vanillin dehydrogenase (vdh) 



=> d ibib abs 15 1-9 



L5 ANSWER 1 OF 9 IFIPAT COPYRIGHT 2004 IFI on STN 
AN 10423087 IFIPAT ; I FIUDB ; IFI CDB 

TITLE: PRODUCTION OF P-HYDROXYBENZOIC ACID 

INVENTOR(S): Gasson; Michael John, Norfolk, GB 

Narbad; Arjan, Norfolk, GB 
Rhodes; Michael John Charles, Norfolk, GB 
^ m Walton; Nicholas John, Norfolk, GB 

PATENT ASSIGNEE (S) : Unassigned 

AGENT: Michael L. Goldman NIXON PEABODY LLP, Clinton Square 

P.O. Box 31051, Rochester, NY, 14603-1051, US 

NUMBER pk DATE 



PATENT INFORMATION: US 2003167511 Al 20030904 

APPLICATION INFORMATION: US 2002-199405 20020717 



APPLN. NUMBER 



GRANTED PATENT NO. 
DATE OR STATUS 



Section 371 PCT Filing 
DIVISION OF: 
DIVISION OF: 



OF 



:WO 1997-GB809 
US 1998-155185 
US 2000-733383 



19970324 UNKNOWN 

19980922 

20001207 



NUMBER DATE 



PRIORITY APPLN. INFO.: GB 1996-6187 19960323 

FAMILY INFORMATION: US 2003167511 20030904 

DOCUMENT TYPE: Utility 

Patent Application - First Publication 
FILE SEGMENT: CHEMICAL 

APPLICATION 

NUMBER OF CLAIMS: 86 19 Figure(s). 

DESCRIPTION OF FIGURES: 
FIG. 1 describes the vanillin pathway in Pseudomonas fluorescens 
biovar. V, strain AN103 . HMPHP SCoA is 4 -hydroxy-3 -methoxyphenyl -beta- 
hydroxypropionyl SCoA. I is an enzyme that catalyses the interconversion of 
trans- ferulic acid and transf eruloyl SCoA; II is an enzyme 
that catalyses the interconversion of trans- f eruloyl SCoA and HMPHP 
SCOA; III is an enzyme that catalyses the interconversion of HMPHP SCoA and 

II! Vani ^ lin *** ; and IV is an enzyme that catalyses the interconversion of 
***vamllin*** and vanillic acid- 

FIG 2 illustrates the growth of strain AN103 following transfer to MM medium 

containing 10 mM vanillate (V) , 10 mM transf erulate (F) or 10 mM 

trans- ferulate plus 10 mM vanillate (FV) . Cultures were 

previously grown in MM medium containing 10 mM vanillate. 

FIG. 3 indicates the changes in trans- ferulate and vanillate 

concentrations during growth of strain AN 103 on MM medium containing 10 mM 

trans-f ermlate . 

FIG. 4 shows the production of vanillin (van) and vanillate 

(VA) by an extract of cells of strain AN103 (165 mu g protein) incubated with 
trans- ferulate, ATP, CoASH and Mg2+ ions, both in the absence of NAD+ 

***/ n w ?** SenCe , (0 ' 5 mM) • CellS WSre 9rown in the Presence of 10 mM trans- 
***ferulate*** , plus 10 mM vanillate. 

FIG. 5 demonstrates the formation of f eruloyl SCoA, vanillin 

and acetyl SCoA from trans -ferulate supplied to a PDlO-treated 

extract of trans -ferulate-grown cells of strain AN103 (7 mu g 

protein) in the presence of ATP, CoASH and Mg2+ ions. 

FIG. 6 demonstrates the production of vanillin, acetyl SCoA and 

***feruloyl*** SCoA from HMPHP SCoA supplied to a PDlO-treated cellfree 

extract (7 mu g protein) of trans- ferulate-grown cells of strain 

AN103 . 

FIG. 7 shows the induction over time of trans -ferulate: CoASH liqase 
activity in response to 10 mM trans- ferulate (F) , 10 mM 
***vanillate*** (v) and 10 mM trans-f erulate plus 10 mM 

***vanillate*** (FV) present in MM medium. The inocula were grown in MM 
medium plus 10 mM vanillate; growth, conditions , enzyme extraction and 
assay were as described in Examples 1 and 2 . 

FIG. 8 shows SDS-PAGE of A), an extract of cells grown in MM medium with 10 mM 
trans -ferulate, electrophoresed at successive stages of purification 
of the HMPHP SCoA cleavage enzyme; successive stages are Crude Extract, Mono 
Q-purif led, Mono-Ppurified and Phenyl Superose-purif ied, and B) , extracts of 
cells grown in MM medium with either 10 mM vanillate or 10 mM trans- 
***ferulate*** and electrophoresed alongside Mono-P-purif ied cleavage enzyme- 
A) silver-stained; B) Coomassie-stained . 

FIG. 9 shows EcoRI/PstI digests of cosmid clones pFI793, pFI794 nFI795 and 
PFI796 separated on an agarose gel. pj-i/sb and 

FIG. 10 shows the sequence of the redundant primers designed from 20 N-terminal 
ammo residues of the 31-kDal protein (SEQ ID Nos. 5 and 6) 

FIG 11 shows a Southern blot of EcoRI/Pstl digests of various cosmid clones 
probed with the PCR product amplified using the Nterminal degenerate 
oligonucleotide primers as shown in FIG. 10. 

FIG. 12 shows the nucleotide sequence of pFI989 (ie the 4370 bp EcoRI/PstI 
fragment from P FI794) , together with the succeeding 882 bp determined from a 
l:itl* r ™ hclone ' P FI10 ^ 6 and frora P"?94 itself (SEQ ID No 7) . The amino 
***acid*** sequence of the 31 kD protein and that corresponding to the 
succeeding open reading frame encoding vanillin :NAD+ oxidoreductase ( 
'"vanillin*** dehydrogenase) (SEQ ID Nos. 2 and 4) are also shown. 
FIG. 13 shows the nucleotide sequence of pFI901 (ie the 1.8 kb EcoRI/PstI 
fragment from pFI793) (SEQ ID No 8). ' 



FIG. 14 shows the nucleotide sequence of pFI9H (ie the 850 bp EcoRI/PstI 

fragment from pFI793) (SEQ ID No 9). ' 

FIG. 15 shows the nucleotide sequence of P FI912 (ie the 958 bp EcoRI/PstI 

fragment from pFI793) (SEQ ID No 10). P ^ Ba 

FIG. 16 shows the nucleotide sequence of pFI9i 3 (ie the 959 bp EcoRI/PstI 

fragment from pFI793) (SEQ ID No 11) . P acoKi/ Fstl 

Ht^ 7 iiL* d i a 9 ranunati c representation of the outward reading primers for 
(P34 and P38) ' PFI911 P36) ' P?I912 <P33 ^ P37 ' ^ PFI913 

1™' 18 ^, iS . a dia 9rammatic representation showing the formation of the 1 5 kb 
PCR product using primers P34 and P39, which spans the region in tht cosmid 
between the inserts of pFI913 and pFI901. cosmia 

FIG ^ 1 f. s ^ ows ^ e nucleotide sequence of the merged contigs pFI913/PCR 
product/pFI901 (4259 bp) (SEQ ID No 12) 

AB one aspect of the present invention relates to a transgenic plant which 

beta'Tor ° f -h tran ^ ene < is able to P^duce phydroxybenzoic acid or a 
beta -D-glycoside or beta -D-glucose ester thereof. A method is also 
disclosed for producing phydroxybenzoic acid or a beta -D-glycoside or 
beta -D-glucose ester thereof using a transgenic plant of the present 
invention. ^j-chchi. 

CLMN 86 19 Figure (s) . 

FIG. 1 describes the vanillin pathway in Pseudomonas fluorescens 
biovar. V, strain AN103 . HMPHP SCoA is 4-hydroxy-3-methoxyphenyl-beta- 

f^ 10 ?! 1 SCo ^ 1 / s a * enzyme that catalyses the interconversion 
of trans-ferulic acid and transf eruloyl SCoA; II is 
an enzyme that catalyses the interconversion of trans- ferulovl 

ofnMPHP SCof a S° A; an / nz ^ e that catalyses the interconversion 

of HMPHP SCoA and vanillin; and IV is an enzyme that catalyses 
the interconversion of vanillin and vanillic 
acid. 

™,. 2 illustrates the growth of strain AN103 following transfer to MM 
medium containing 10 mM vanillate (V) , 10 mM transf erulate (F) 
or 10 mM trans -f erulate plus 10 mM vanillate (FV) 
Cultures were previously grown in MM medium containinq lo mM 
vanillate. 

FIG. 3 indicates the changes in trans-f erulate and 
vanillate concentrations during growth of strain AN 103 on MM 
medium containing 10 mM trans-f ermlate . 

FIG. 4 shows the production of vanillin (van) and 
vanillate (VA) by an extract of cells of strain AN103 (165 mu q 
protein) incubated with trans-f erulate, ATP, CoASH and Mg2 + 
ions, both in the absence of NAD+ and in its presence (0 5 mM) Cells 
were grown in the presence of 10 mM trans-f erulate, plus 10 mM 
vanillate. 

FIG. 5 demonstrates the formation of f eruloyl SCoA 
vanillin and acetyl SCoA from trans- f erulate supplied 
to a PDlO-treated extract of trans- f erulate-grown cells of 
ions^ AN1 ° 3 ^ 9 pr ° tein) in the Presence of ATP , CoASH and Mg2 + 

FIG. 6 demonstrates the production of vanillin, acetyl SCoA and 
f eruloyl SCoA from HMPHP SCoA supplied to a PDlO-treated cellfree 
extract (7 mu g protein) of trans-f erulate-grown cells of 
strain AN103 . 

FIG. 7 shows the induction over time of trans-f erulate. -CoASH 
ligase activity m response to 10 mM trans-f erulate (F) , 10 mM 
vanillate (V) and 10 mM trans-f erulate plus 10 mM 
vanillate (FV) present in MM medium. The inocula were grown in 
MM medium plus 10 mM vanillate; growth, conditions , enzyme 

vjr a" t° n a ™ aSSay WSre 38 des cribed in Examples 1 and 2 . 

lo'mM Sans ferulT "V; a " extract of ce ^ 9rown in MM medium with 
iu mM trans-f erulate, electrophoresed at successive staqes of 

^udrEx^ra^t 0 ^ 6 T PHPS f C °$ Cl6aVa9e enZyme; -ucc«S" Sages are 
crude Extract, Mono Q-purified, Mono-Ppurif ied and Phenyl 

SSS'Io I S lfie *,'i a S d B) ' 6XtraCtS ° f C6llS 9r0 ™ in ™ medi ™ *ith 
either 10 mM vanillate or 10 mM trans-f erulate and 

sUver-Sain^f a ^ 9side Mono-P-purif ied cleavage enzyme; A) 
siiver-stained; B) Coomassie-stained 

FIG - 9 **™ B Ec °RI/PstI digests of cosmid clones P FI793 pFI794 D FI79^ 
and P FI796 separated on an agarose gel PFI794, pFI795 

FIG 10 shows the sequence of the redundant primers designed from 20 
N-termmal ammo residues of the 31-kDal protein ( SEQ ID Nos 5 and 6) . 



FIG. 11 shows a Southern blot of EcoRi/PstI digests of various cosmid 

clones probed with the PCR product amplified using the Nterminal 

degenerate oligonucleotide primers as shown in FIG lo 
FIG. 12 shows the nucleotide sequence of pFI989 (ie the' 4 370 bp EcoRI/PstI 

fragment from pFI794) , together with the succeeding 882 bp determined 

from a further subclone, pFI1056 and from P FI794 itself (SEQ ID No 7) 

The ammo acid sequence of the 31 kD protein and that 

corresponding to the succeeding open reading frame encodinq 

vanillin :NAD+ oxidoreductase (vanillin 

dehydrogenase) (SEQ ID Nos . 2 and 4 ) are also shown 
FIG. 13 shows the nucleotide sequence of pFI901 (ie the 1.8 kb EcoRI/PstI 

fragment from pFI793) (SEQ ID No 8) . ^ SCi 
FIG. 14 shows the nucleotide sequence of P FI911 (ie the 850 bp EcoRI/PstI 

fragment from pFI793) (SEQ ID No 9) . i/FStl 
FIG. 15 shows the nucleotide sequence of pFI912 (ie the 958 bp EcoRI/PstI 

fragment from pFI793) (SEQ ID No 10). ^ SU 
FIG. 16 shows the nucleotide sequence of P FI913 (ie the 959 bp EcoRI/PstI 

fragment from pFI793) (SEQ ID No 11). P * COK1 / Fst:I 

F ^°' iZ^ * diagrammatic representation of the outward reading primers 

PFI9?3 FI (P34 ( a P nd P^)^' ^ ^ M6) > ^ ^ ^ «™2d 

F lhPcl ^^^^W^t^.^^entation showing the formation of the 1 . 5 
kb PCR product, using primers P34 and P39, which spans the region in the 
cosmid between the inserts of pFI913 and pFI901 

FIG 19 shows the nucleotide sequence of the merged contigs pFI913/PCR 
product/ P FI901 (4259 bp) (SEQ ID No 12). P*±y±J/FCR 
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DESCRIPTION OF FIGURES ■ 
FIG. 1 describes the vanillin pathway in Pseudomonas fluorescens 
biovar. V, strain AN103 . HMPHP SCoA is 4 -hydroxy- 3 -methoxyphenyl-beta- 

Sns X ^ 0p -° ny .f OA , I 18 T enZyme that ^alyses the interconversion of 
trans-ferulic acid and transf eruloyl SCoA; II is an enzyme 

catalyses the interconversion of trans- f eruloyl SCoA and HMPHP 
*-vanillin*** n ""anTiv It CatalySSS ^ interconversion of HMPHP SCoA and 
***vaninin*** ' f IV ." an that catalyses the interconversion of 

vanillin*** and vanillic acid. 

FIG 2 illustrates the growth of strain AN103 following transfer to MM medium 
containing 10 mM vanillate (V) , 10 mM transf erulate (F) or 10 m 
trans- ferulate plus 10 mM vanillate (FV) . Cultures were 
previously grown in MM medium containing 10 mM vanillate 
FIG. 3 indicates the changes in trans- ferulate and vanillate 

tran^feruiate dUrin9 9r ° Wth ° f ™ 103 ° n ™ mSdium staining 10 mM 

F ,l*; t Sh ° WS the P roducti °n of vanillin (van) and vanillate 

(VA) by an extract of cells of strain AN103 (165 mu g protein) incubated with 
trans-ferulate, ATP, CoASH and Mg2 + ions, both in the absence of NAD+ 

^'ferula^^r^^^L^-va^ilatr 6 ^ * ^ ° f " * ^ 

FIG. 5 demonstrates the formation of f eruloyl SCoA, vanillin 
and acetyl SCoA from trans-ferulate supplied to a PDlO-treated 
extract of trans- ferulate-grown cells of strain AN 103 (7 kg protein) 
m the presence of ATP, CoASH and Mg2 + ions. protein; 

dem ?*** rat ^ the P roduc tion of vanillin, acetyl SCoA and 
***feruloyl*** SCoA from HMPHP SCoA supplied to a PDlO-treated cellfree 
extract (7 mu g protein) of trans- ferulate-grown cells of strain C6llfree 

7. Bh ? ws the induction over time of trans - ferulate : CoASH ligase 
activity in response to 10 mM trams -ferulate (F) io mM 
***vanillate*** (v) and 10 mM trans-ferulate plus 10 mM 

***vanillate*** (FV) present in MM medium. The inocula were grown in MM 
medium plus 10 mM vanillate; growth conditions, enzyme extraction and 
assay were as described in Examples 1 and 2 

trans^erulLf 8 ;^ °V° ' ^ ° f C6llS 3r ° Wn in ™ medium 10 mM 

of the HMPHP ^oa M^° P S6d at successive s^Ses of purification 
ot the HMPHP SCoA cleavage enzyme; successive stages are Crude Extract Mono 
Q-punfied, Mono-Ppurif ied and Phenyl Superose-purif ied, and B) , extracts of 
** ferul'a^*** ™ "fT wit \ either 10 ™ vanillate or'lO mM trans ° f 

ferulate*** and electrophoreses alongside Mono-P-purif ied cleavage enzyme- 
A) silver-stained; B) Coomassie-stained. 9 enzyme, 

^Ir^ol Sh ° WS Ec ° RI / PstI digests of cosmid clones pFI793, pFI794, pFI795 and 
PFI796 separated on an agarose gel. P'l/as ana 

FIG. 10 shows the sequence of the redundant primers designed from 20 N- terminal 
amino residues of the 31-kDal protein (SEQ ID Nos. 5 and 6) terminal 

k * S ^? WS w a Southern blot of EcoRI/PstI digests of various cosmid clone* 
probed with the PCR product amplified using thl Nterminal degenerate 
oligonucleotide primers as shown in FIG. 10. 

FIG. 12 shows the nucleotide sequence of pFI989 (ie the 4370 bp EcoRI/Pstl 
fragment from P FI794) , together with the succeeding 882 bp determined from a 
further subclone, P FI1056 and from pFI794 itself (SEQ ID No 7 ) The amino 

**acxd*** sequence of the 31 kD protein and that corresponding to the 
succeeding open reading frame encoding vanillin:NAD + oxidoreductase ( 



FT*c Va ^h n **\ h deh y dr °9 e ^se) (SEQ ID Nos. 2 and 4) are also shown 
fltJt\ £ nucleot ide sequence of pFI901 (ie the 1.8 kb IcoRI/PstI 

fragment from pFI793) (SEQ ID No 8) . icoKi/psti 

FIG. 14 shows the nucleotide sequence of P FI911 (ie the 850 b D ecoRI/pcht 
fragment from pFI793) (SEQ ID No 9) P hcoRI ' PstI 

FIG. 15 shows the nucleotide sequence of pFI912 (ie the 958 bp EcoRI/PstI 
fragment from pFI793) (SEQ ID No 10 ) acoKi/pstl 

FIG. 16 shows the nucleotide sequence of P FI913 (ie the 959 bp EcoRI/Psd 
fragment from pFI793) (SEQ ID No 11) acoKi/Psd 

PCR^rL^/ dia 9 rammatic representation showing the formation of the 1 5 kb 

s^^' 1 s^-5;,s 4 ^? 1 P ;gi 1 " i,idi spans the region in - 

AB a method of producing vanillin comprising the steps of: (1) providina 

CoA^lr " ^ id - 0r 3 S3lt there ° f; and (2) Priding trans-flrulate- 
ac??vi^ 9aSe aCtlvlt Y en2 ^ e activity I), trans-f eruloyl ScoA SaSse 
activity (enzyme activity II), and 4 -hydroxy-3 -methoxyphenyl- beta 

iK? Convenient v S the ^ ^ivity^en.Se -tivity 

oral? fJ the enzymes are provided by Pseudomonas fluorescens 

Activities S »nS t?? f 1V ? thereof " Polypeptides with enzymes 

f" tle 11 and 111 and polynucleotides encoding the polypeptides Use 
^iT]?^™^ * a -thod Lr^Suctng 

NTE INDEXED FROM APPLICATION 
CLMN 16 

GI 27 Drawing Sheet (s), 27 Figure (s). 

FIG. 1 describes the vanillin pathway in Pseudomonas fluorescens 

of trans- ferulic acid and transf eruloyl SCoA- II i s mterconversion 
an enzyme that catalyses the interconversion'of trans -ferulovl 

the mterconversion of vanillin and vanillic Y 
acid. 

F ^h' 2 illu f trates th e growth of strain AN103 following transfer to MM 

3 \° ™ v « illat « (V) , 10 mM transf erulate (F) 

or 10 mM trans -ferulate plus 10 mM vanillate (FV) 
Cultures were previously grown in MM medium containing 10 mM 

FIG. 3 indicates the changes in trans-f erulate and 
vanillate concentrations during growth of strain AN 103 on MM 
medium containing 10 mM trans-f erulate 

FIG. 4 shows the production of vanillin (van) and 
vanillate (VA) by an extract of cells of strain AN103 (165 mu a 
protein) incubated with trans-f erulate, ATP, CoASH and Mg2 + 9 
ions, both in the absence of NAD+ and in its presence (05 mMl r n 

::nii?at: n in the presence of 10 *» ^- s - f : r i e r;i!"ioi- ceiis 

FIG. 5 demonstrates the formation of ferulovl SCoA 
tr^P^nT 1 a ^ e H Yl SC ° A fr ° m trans -f«ulate supplied 
strain ANloff 7 k SXtraCt .°f trans - ^late-grown cells of 

"^^.^ -J M 92+ ions. 

extract rf° A ^ SC ° A SU ^ lied to a PDlO-tr^ated JelSree 

"rain^O^ 9 Pr ° tein) ° f tra -^-l*te-grown cells of Cellfree 

FIG. 7 shows the induction over time of trans -ferulate- CoASH 
ligase activity in response to 10 mM trams - f erulate (F) jo ™m 
vanillate (V) and 10 mM trans- ferulate plus 10 m ™ ' '° ™ 
vanillate (FV) present in MM medium. The inocula were qrown in 
MM medium plus 10 mM vanillate; growth conditions, I™ 

10 -trans-ferulate^le^rop^ with 

purification of the HMPHP SCoA cleavanp on^™~ szagea ot 

Crude Extract, Mono Q-puri.Sd, ^onolpurifTd ' ^ 



Superose-purif ied, and B) , extracts of cells grown in MM medium with 

either 10 mM vanillate or 10 mM trans- ferulate and 

electrophoresed alongside Mono-P-purif ied cleavage enzyme- A) 

silver-stained; B) Coomassie-stained. 
FIG 9 shows EcoRI/PstI digests of cosmid clones pFI793, pFI794 D FI795 

and pFl796 separated on an agarose gel. P*±/ss 
FIG 10 shows the sequence of the redundant primers designed from 20 

N- terminal amino residues of the 31-kDal protein (SEQ ID Nos. 5 and 6) . 
FIG. U shows a Southern blot of EcoRI/PstI digests of various cosmid 

clones probed with the PCR product amplified using the Nterminal 

degenerate oligonucleotide primers as shown in FIG 10 
FIG. 12 shows the nucleotide sequence of pFI989 (ie the*4370 bp EcoRI/PstI 

fragment from P FI794) , together with the succeeding 882 bp determined 

from a further subclone, P FI1056 and from P FI794 itself (SEQ ID No 7) 

The amino acid sequence of the 31 kD protein and that 

corresponding to the succeeding open reading frame encoding 

vanillin :NAD+ oxidoreductase (vanillin 

dehydrogenase) (SEQ ID Nos. 2 and 4) are also shown 
FIG. 13 shows the nucleotide sequence of pFI901 (ie the 1.8 kb EcoRI/PstI 

fragment from pFI793) (SEQ ID No 8) . ^oKi/fsci 
FIG. 14 shows the nucleotide sequence of pFI911 (ie the 850 bp EcoRI/PstI 

fragment from pFI793) (SEQ ID No 9) . /FSU 
FIG. 15 shows the nucleotide sequence of pFI912 (ie the 958 bp EcoRI/PstI 

fragment from pFI793) (SEQ ID No 10) . "WKi/fsci 
FIG. 16 shows the nucleotide sequence of pFI913 (ie the 959 bp EcoRI/Psd 
fragment from pFI793) (SEQ ID No 11) . /tsa 
? l G ' 1 Z T ^ 1 a , dia 9 ramm atic representation of the outward reading primers 
pFI9?3 FI (pVand PS," 9 '' ^ ^ M6 > ' ^ ^ -^Tand 

F kh' P pp 13 3 d ^ a 9 rammatic . representation showing the formation of the 1 5 
™ h P r ° dUGt ' " Sln 9 P™ rs p 34 and P3 9, which spans the region in the 
cosmid between the inserts of P FI913 and pFI90l 
FIG. 19 shows the nucleotide sequence of the merged contiqs pFI9l3/PCR 
product/ P FI901 (4259 bp) (SEQ ID No 12) . 9 PH913/PCR 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
_ n PSe ^° m ° naS Putida KT2440 is a physiologically extremely versatile 
non-pathogenic bacterium that is applied as a "biosafety strain" in 

h^a!^ S^hTr p^rJEiiT wSlf 6 ^ ° f 

^sio be ni i ation f ^ ^ M; 9 ^^; sr 1 - 

essential tor ferulic acid conversion to 
vanillic acid via vanillin. To confirm the 

physiological function of these structural genes as feruloyl-CoA 
synthetase (Fes) , enoyl-CoA hydratase/aldolase (Ech) , and 
vanillin dehydrogenase (Vdh) , respectively, they Were 

cloned and expressed in Escherichia coli. Recombinant strains harborina 
fes and ech were able to transform ferulic acid to scrains ^boring 

proie^'xtractr^thf ° f FCS and Vdh Were determined in 

P hh ^ f ? these cells " The essential involvement of fes ech anrt 

vdh in the catabolism of ferulic acid in P. putida 



KT2440 was proven by separately inactivating each gene by 
™^°V f 0me 3 a - elem ents. The corresponding mutant strains 

Sow on C f«r?- ' K J 24 ^ ech0ll ' e 9 aK '"' «"I KT2440vdhOmegaKm were not able to 
grow on ferulic acid. The potential application of P 
putida KT2440 and the mutant strains in biotechnological vanillin 
production process is discussed. n 
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in - . . * ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

ab Sphingomonas paucimobilis SYK-6 degrades ferulic acid 

to vanillin, and it is further metabolized through the 

Flf^h^h 1111 ^ 6 *' 5 "° leava 9 e Pathway. We obtained a TnS mutant of SYK-6 
' whlch was able to grow on vanillic acid but not ' 
on ferulic acid. A cosmid which complemented the 
growth deficiency of FA2 on ferulic acid was isolated 
The 5 2-kb BamHI -EcoRI fragment in this cosmid conferred the 
transformation activity of ferulic acid to 

vanillin on Escherichia coli host cells. A sequencing analysis 

^ 2 l 2 TZ S ' erB an i fer * in thlS fra ^ ent <- t2-se 3 enes consist of 
852 and 2,127-by open reading frames, respectively. The deduced amino 
acid sequence of ferB showed 40 to 48% identity with that of the 
feruloyl -coenzyme A (CoA) hydratase/lyase genes of Pseudomonas and 
Amycolatopsis ferulic acid degraders. On the other SeUQOmonas and 
hand, the deduced amino acid sequence of ferA showed no 
significant similarity to the feruloyl-CoA synthetase 
genes of other ferulic acid degraders. However, the 
deduced amino acid sequence of ferA did show 31% identity with 
pimeloyl-CoA synthetase of Pseudomonas mendocina 35, which has 
been classified as a new superfamily of acyl-CoA synthetase (ADP 
forming) with succinyl-CoA synthetase (L. B . Sanchez , my 

bSTo?\ and ^ MUllS ^ J - Bi01 ' Chem - 275: 5794-5803, 2000). On the 
basis of the enzyme activity of E. coli carrying each of these qenes ferA 
and ferB were shown to encode a feruloyl - CoA synthetase 9 ' 

and feruloyl -CoA hydratase/lyase, respectively, p-coumaric 
acid, caffeic acid, and sinapinic acid were 

converted to their corresponding benzaldehyde derivatives by the cell 
extract containing FerA and FerB, thereby indicating their broad substrate 
specificities We found a ferB homolog, ferB2, upstream of a Substrate 
5-carboxyvanillic acid decarboxylase gene (li gW ) involved in the 
degradation of 5 , 5 • -dehydrodivanillic acid. The deduced amino 
acid sequence of ferB2 showed 49% identity with ferB, and its qene 
product showed feruloyl-CoA hydratase/lyase activity with a 
substrate specificity similar to that of FerB. Insertional 
^!° t ^ at ^° n ,° f SaCh fSr 9ene in S - Paucimobilis SYK-6 suggested 
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66 19 Figure (s) . 
DESCRIPTION OF FIGURES : 
FIG. 1 describes the vanillin pathway in Pseudomonas fluorescens 
biovar. V, strain AN103 . HMPHP SCoA is 4 -hydroxy-3 -methoxyphen^l -beta- 
hydroxypropxonyl SCoA. I is an enzyme that catalyses the interconvers^ of 
trans-ferulic acid and transf eruloyl SCoA; II is an enzyme 
that catalyses the interconversion of trans- f eruloyl SCoA and HMPHP 
*~vanmi^** n 'Ttv Catal ^ ses the interconversion of HMPHP SCoA and 
"SIS- f a^ T 2mir JS 7 " 18 CatalySeS int -™rsion of 

trans -ferulate plus 10 mM vanillate (FV) . Cultures were 
previously grown in MM medium containing 10 mM vanillate 

- Cate ! thS chan 9 es in trans -ferulate and vanillate 
t?ans- ferul'ate. 9 ° f Strain ™ 103 ° n m medium containing 10 mM 

FIG 4 shows the production of vanillin (van) and vanillate 

FIG. 5 demonstrates the formation of f eruloyl SCoA, vanillin 

and acetyl SCoA from trans -ferulate supplied to a PDlO-treated 

extract of trans- f erulate-grown cells of strain AN 103 (7kg protein] 

in the presence of ATP, CoASH and Mg2+ ions. protein; 

FIG_ 6 demonstrates the production of vanillin, acetyl SCoA and 

extract nV* SCoA from HMPHP SCoA supplied to a PDlO-treated cellfree 

extract (7 mu g protein) of trans- f erulate-grown cells of strain 

S Jh Sh ° WS thS induction over time of trans- ferulate :CoASH ligase 
activity in response to 10 mM trams -ferulate (F) , 10 mM 
^♦vanillate*** (V) and 10 mM trans- ferulate plus 10 mM 

assay were as described in Examples 1 and 2 . ° n and 

FIG. 8 shows SDS-PAGE of Al => n pvt-ra^f ~-p ' i 

the HMPHP SCOS cleavage enzyme.- .ucces.ive ,tage» are Crude Extract. Mono 



Q-purif led, Mono-Ppurif ied and Phenyl Superose-purif ied, and B) , extracts of 
9 f° wn ln m medium wi th either 10 mM vanillate or 10 mM trans- 
terulate*** and electrophoresed alongside Mono-P-purif ied cleavaqe enzyme- 
A) silver-stained; B) Coomassie- stained. 9 enzyme, 

11° • I shows E coRI/PstI digests of cosmid clones P FI793, P FI794, P FI795 and 
p^i/36 separated on an agarose gel. 

FIG. 10 shows the sequence of the redundant primers designed from 20 N-terminal 
ammo residues of the 31-kDal protein (SEQ ID Nos . 5 and 6) terminal 
FIG 11 shows a Southern blot of EcoRl/PstI digests of various cosmid clones 
probed with the PGR product amplified using the Nterminal degenerate 
oligonucleotide primers as shown in FIG. 10. 

FIG. 12 shows the nucleotide sequence of pFI989 (ie the 4370 bp EcoRl/Pstl 
fragment from P FI794) , together with the succeeding 882 bp determined from a 

*-acid-* l0ne ' PFI1 °f fr ° m PFI794 itS6lf ( * EQ ID *> 7 >" The amino 

acid*** sequence of the 31 kD protein and that corresponding to the 
succeeding open reading frame encoding vanillin :NAD+ oxidoreductase ( 
* Va ?\ t n **\ „ deh ydrogenase) (SEQ ID Nos. 2 and 4) are also shown. 
FIG. 13 shows the nucleotide sequence of pFI901 (ie the 1.8 kb EcoRI/PstI 
fragment from pFI793) (SEQ ID No 8). ' u 

FIG. 14 shows the nucleotide sequence of pFI91l (ie the 850 bp EcoRI/PstI 
fragment from pFI793) (SEQ ID No 9) . ' scl 

FIG. 15 shows the nucleotide sequence of P FI912 (ie the 958 bp EcoRI/PstI 
fragment from pFI793) (SEQ ID No 10). icoKi/psti 
FIG. 16 shows the nucleotide sequence of pFI913 (ie the 959 bp EcoRI/Psd 
fragment from pFI793) (SEQ ID No 11). /FBa 
F ^?;.! 7 , i ! a dia 9rammatic representation of the outward readinq primers for 
(P34 9 °Ld PL)" P39) ' PFI911 ^ P36) ' PFI912 <P33 ^ "7) P anrpFI913 

In' 18 / 8 , a dia 9 rammatic representation showing the formation of the 1 5 kb 
PCR product, using primers P34 and P39, which spans the region in ?he cosmid 
between the inserts of pFI913 and pFI901. cosmia 
FIG^ 19 shows the nucleotide sequence of the merged contigs P FI913/PCR 
product/pFI901 (4259 bp) (SEQ ID No 12). P ' 

AB A method of producing vanillin comprising the steps of: (1) providinq 

CoASHlioasfa^^-r ? Balt ' <2 > trans-f erulaL = 

CoASH ligase activity (enzyme activity I), trans -feruloyl ScoA hydratase 
activity (enzyme activity II), and 4-hydroxy-3-methoxyphenyl- beta 
-hydroxypropionyl SCoA (HMPHP SCoA) cleavage activity (enzyme activity 
III ° T^T Y enzymes are provided by Pseudomonas fluorescens 

Fe3 or a mutant or derivative thereof. Polypeptides with enzymes 
activities II and ill and polynucleotides encoding said polypeptides. Use 
vanilUn ^ ^ * Polynucleotides in a method for producing 

CLMN 66 19 Figure (s) . 

FIG. 1 describes the vanillin pathway in Pseudomonas fluorescens 
biovar. V, strain AN103. HMPHP SCoA is 4-hydroxy-3-methoxyphenyl-beta- 
hydroxypropionyl SCoA. I is an enzyme that catalyses the interconversion 
of trans-ferulic acid and transf eruloyl SCoA; II is ^conversion 
an enzyme that catalyses the interconversion of trans -feruloyl 

of°S M pSp ™oA P and OA '' I 1 I 1 I - iS a V n2yme that CatalySeS ^ ^conversion 
ot HMPHP SCoA and vanillin; and IV is an enzyme that catalyses 

the interconversion of vanillin and vanillic 

acid . 

FIG. 2 illustrates the growth of strain AN103 following transfer to MM 
medium containing 10 mM vanillate (V) , 10 mM transf erulate (" 
or 10 mM trans -f erulate plus 10 mM vanillate (FV) 
Cultures were previously grown in MM medium containing i 0 mM 
vanillate. 3 

FIG. 3 indicates the changes in trans-f erulate and 
vanillate concentrations during growth of strain AN 103 on MM 
medium containing 10 mM trans- f erulate . 

FIG. 4 shows the production of vanillin (van) and 
n™^?*- I bY , an . extract of cells of strain AN103 (165 mu g 
ion, hL* b ^ ed w ith tran ^-f erulate, ATP, CoASH and Mg2 + 9 
ions, both in the absence of NAD+ and in its presence (0 5 mM) Cells 

vaniUate" " PreS6nCe ° f 10 m tra ^-f«ulate, plus 10 m 
FIG. 5 demonstrates the formation of feruloyl SCoA 
to^PnV!^ a ^ yl SCoA fr ° m trans -f erulate supplied 
strain AM^nf^ eXtraCt ° f tran s- f erulate-grown cells of 
strain AN 103 (7kg protein) in the presence of ATP, CoASH and Mg 2+ ions 



FIG. 6 demonstrates the production of vanillin, acetyl SCoA and 
feruloyl SCoA from HMPHP SCoA supplied to a PDlO-treated cellfree 
strain AN10™ 9 Pr ° tein> ° f trans " f "^"e-grown cells of 

F ^' 7 Sh °" S ^ e induc tion over time of trans - ferulate :CoASH 
ligase activity in response to 10 mM trams- ferulate (F) , io mM 
vanillate (V) and 10 mM trans- ferulate plus 10 mM 
vanillate (FV) present in MM medium. The inocula were grown in 
MM medium plus 10 mM vanillate; growth conditions, enzyme 
extraction and assay were as described in Examples 1 and 2 

i?'™m ? f S "f AGE of A) < an extr ^t of cells grown in MM medium with 
10 mM trans- ferulate, electrophoresed at successive stages of 
purification of the HMPHP SCoA cleavage enzyme; successive staqes are 
Crude Extract, Mono Q-purified, Mono- Ppurified and Phenyl 9 

ei?her S 10^M lfied n ' n a r B> ' 6Xtracts of cel1 ^ grown in MM medium with 
either 10 mM vanillate or 10 mM trans -ferulate and 
electrophoresed alongside Mono-P-purif led cleavage enzyme- A) 
silver-stained; B) Coomassie- stained 

FIG h 9 ™? S EcoRI / PstI digests of cosmid clones pFI793, pFI794 D FI795 
and P FI796 separated on an agarose gel P*i/»4, P FI795 

FIG 10 shows the sequence of the redundant primers designed from 20 

FIG ll^hLr 111 ? r ^ ldUe ^° f thS 31 - kDal P r ° tein < SE Q » Nos. 5 and 6) 
FIG. 11 shows a Southern blot of EcoRI/PstI digests of various cosmid ' 

enLL S'"' 11 P S R Pr ° dUCt am P lif i^ using the Ntermina? 

degenerate oligonucleotide primers as shown in FIG. 10. 
FIG. 12 shows the nucleotide sequence of pFI989 (ie the 4370 bo EcoRI/P^l 

frnmTf ^ P F ™ } ' to 9 eth ^ with the succeeding 8 82 bp determSed 

S ™i™ * subclone, pFI1056 and from pFI794 itself (Ieq ID No lj 

The amino acid sequence of the 31 kD protein and that 

corresponding to the succeeding open reading frame encoding 

vanillin :NAD+ oxidoreductase (vanillin 9 

dehydrogenase) (SEQ ID Nos. 2 and 4) are also shown. 
FIG. 13 shows the nucleotide sequence of pFI901 (ie the 1 8 kb EcoRI/Pst-T 

fragment from pFI793) (SEQ ID No 8) . ncoKI/Pstl 
FIG. 14 shows the nucleotide sequence of pFI9ll 

fragment from pFI793) (SEQ ID No 9). 
FIG. 15 shows the nucleotide sequence of pFl9l2 

fragment from pFI793) (SEQ ID No 10) . 
FIG. 16 shows the nucleotide sequence of pFI9l3 

fragment from pFI793) (SEQ ID No 11) 

F ibPCR ^ n ^^ a 9™ ati ^ ^presentation showing the formation of the 1 5 
kb PCR product, using primers P34 and P3 9, which spans the reqion in th^ 
cosmid between the inserts of pFI913 and pFI901 9 

FIG 19 shows the nucleotide sequence of the merged contiqs pFI913/pcr 
product/pFI901 (4259 bp) (SEQ ID No 12). 9 P^^13/PCR 



(ie the 850 bp EcoRI/PstI 
(ie the 958 bp EcoRI/PstI 
(ie the 959 bp EcoRI/Psd 
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accumulation of the intermediate coniferyl ale, coniferyl aldehyde 
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Pseudomonas with inactivating insertions or deletions in the vdh, or vdh 
and conifSl S a rc re VIo0ac9A and USed in ? rodn - <>f vanillin, ferulic acid, 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
From a f erulic-acid-degrading Pseudomonas 
fluorescens strain (BF13) , we have isolated a transposon mutant which 
retained the ability to bioconvert ferulic acid into mucant ' whlch 

vanillic acid but lost the ability to further degrade 
the Latter acid. The mutant, BF13-97, was very stable, and 
therefore it was suitable to be used as a biocatalyst for the preparative 
synthesis of vanillic acid from ferulic preparative 
acid. By use of resting cells we determined the effect on the 
byconversion rate of several parameters, such as the addition of 
nutritional factors, the concentration of the biomass, and the carbon 
source on which the biomass was grown. The optimal yield of 
vanxllic acid was obtained with cells pregrown on M9 
medium containing p-coumaric acid (0.1% [wt/vol] ) as a sole 
carbon source and yeast extract (0.001% [wt/vol]) as a source of 

Sc;n^3 fa 2°of 8 " Und -. theSe /- d ^ions, 1 mg (wet weight) °of biomass 
produced 0.23 mg of vanillic acid per h, The genomic 
region of BF13-97 flanking the transposon > 8 site of insertion 
and 954 n (vanB? ^ qUenCed paling two open reading frames or 1 

, d l S *£™l ] bp / res P e ctively. The van genes are organized in 
and encode the subunits of the vanillate-O-demethylase 

which catalyzes the first step of the vanillate catabolism, 
Ammo acid sequences deduced from vanA and vanB genes were shown 
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to have high identity with known VanAs and VanBs from Pseudomonas and 
Acinetobacter spp, Highly conserved regions known to exist in class IA 
oxygenases were also found in the vanillate-O- 
demethylase components from P . f luorescens BF13, The terminal 
oxygenase VanA is characterized by a conserved Rieske-type [2Fe-2S] (R) 
ligand center, The reductase VanB contains a plant-type ferredoxin 
[2Fe-2S] (Fd) , flavin mononucleotide, and NAD-ribose binding domains which 
are located in its C-terminal and N-terminal halves, respectively. 
Transfer of wild-type vanAB genes to BF13-97 complemented this mutant, 
which recovered its ability to grow on either vanillic or 
ferulic acid. 
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♦ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB The gene loci fcs, encoding feruloyl coenzyme A ( 

f eruloyl-CoA) synthetase, ech, encoding enoyl-CoA 
hydratase/aldolase, and aat , encoding beta-ketothiolase , which 
are involved in the catabolism of ferulic acid and 
eugenol in Pseudomonas sp, strain HR199 (DSM7063), were localized 
on a DNA region covered by two EcoRI fragments (E230 and E94) , which were 
recently cloned from a Pseudomonas sp, strain HR199 genomic library in the 
cosmid pVKlOO, The nucleotide sequences of parts of fragments E230 and E94 
were determined, revealing the arrangement of the aforementioned genes. To 
confirm the function of the structural genes fcs and ech, they were cloned 
and expressed in Escherichia coli, Recombinant strains harboring both 
genes were able to transform ferulic acid to 
vanillin, The feruloyl-CoA synthetase and 

enoyl-CoA hydratase/aldolase activities of the fcs and ech gene products, 
respectively, were confirmed by photometric assays and by high-pressure 
liquid chromatography analysis. To prove the essential involvement of the 
fcs, ech, and aat genes in the catabolism of ferulic 
acid and eugenol in Pseudomonas sp, strain HR199, these 
genes were inactivated separately by the insertion of 

omega elements. The corresponding mutants Pseudomonas sp, strain HRfcs 
Omega Gm and Pseudomonas so, strain HRech Omega Km were not able to grow 
on ferulic acid or on eugenol, whereas the 

mutant Pseudomonas sp, strain HRaat Omega Km exhibited a ferulic 
acid- and eugenol-positive phenotype like the wild type, 
In conclusion, the degradation pathway of eugenol via 
ferulic acid and the necessity of the activation of 
ferulic acid to the corresponding CoA ester was 

confirmed. The aat gene product was shown not to be involved in this 

catabolism, thus excluding a beta-oxidation analogous degradation pathway 

for ferulic acid. Moreover, the function of the ech 

gene product as an enoyl-CoA hydratase/aldolase suggests that 

ferulic acid degradation in Pseudomonas sp. strain HR199 

proceeds via a similar pathway to that recently described for Pseudomonas 
f luorescens AN103. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB The catabolism of eugenol in Pseudomonas sp . strain HR199 

(DSM7063) proceeds via coniferyl alcohol coniferyl 
aldehyde, ferulic acid, vanillin, 

vanillate and protocatechuate , which is further degraded by the 
ortho-cleavage pathway. The vanillin dehydrogenase of 
Pseudomonas sp. strain HR199, which catalyses the NAD (+) dependent 
oxidation of vanillin to vanillate, was 
inactivated by the insertion of omega elements into the 
vdh gene, which was characterized recently. Omega elements conferring 
resistance against kanamycin (Omega Km) or gentamycin (Omega Gm) were 
constructed by polymerase chain reaction amplification of the 
aminoglycoside 3 ' -O-phosphotransf erase gene and the gentamycin-3 - 
acetyltransf erase gene, using the plasmids pSUP5011 and pBBRlMCS-5 
respectively as template DNA. A 211-bp BssHII fragment of the vdh gene was 
substituted by Omega Km or nGm, and the functional vdh gene was replaced 
by vdh Omega Km or vdh Omega Gm in Pseudomonas sp. strain HR199 by 
homologous recombination. Cells of the mutant Pseudomonas sp, strain HRvdh 
Omega Km, pregrown on gluconate, accumulated up to 2.9 mM vanillin 
during incubation in mineral medium with 6 . 5 mM eugenol. As a 
result of another vanillin dehydrogenase activity 
(VDH-II), the accumulated vanillin was further degraded, when 
coniferyl aldehyde was exhausted from the medium. Characterization 
of the purified VDH-II revealed the identity of this enzyme with the 
recently characterized conif eryl-aldehyde dehydrogenase 
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